Learning, in context of prior knowledge, engages NMDAR-independent mechanisms. However, which aspects of previous learning are responsible for this phenomenon remain unclear. New evidence shows that procedural similarity between learning events is the key determinant for engaging NMDAR-independent mechanisms.
The type of learning studied in a behavioral neuroscience laboratory may not reflect the type of learning most common in everyday life. In the lab, mice and rats are maintained in highly controlled conditions. Arguably, they lead quite dreary lives, with little of note occurring to break the daily monotony. However, on the day of the experiment, things suddenly get interesting. Subjects temporarily escape the tedium of their home cage environment, and, depending on experimental protocol, explore mazes, learn to associate different stimuli and so on. This approach has its advantages, of course. It allows an experimenter to effectively isolate neural changes related to the learning event itself.
However, this type of novel learning experience may represent the exception, rather than the rule, in everyday life. In both rats and humans, learning doesn't occur in a vacuum, but takes place in the context of previous knowledge. This knowledge structure is commonly referred to as a schema [1] . As new events are encountered, common patterns across new and stored events are constantly being identified by the brain to form schemas, and these schemas allow new, related information to be encoded more efficiently.
Over the last two decades, a surprising distinction has emerged between different types of learning [2] [3] [4] [5] [6] [7] [8] . Learning about novelty (that is, the type of learning that most likely corresponds to a typical laboratory experiment described above) and schematic learning (the type of learning that relates to previous knowledge) appear to engage qualitatively different forms of plasticity. Learning about novelty (or first learning) engages N-methyl-D-aspartate receptor (NMDAR)dependent forms of plasticity. That NMDAR plasticity underlies learning has been the canonical view dominating mechanistic studies of learning over the past 30 years [9] and its importance has been recognized by various prize committees (e.g., the 2016 Brain Prize). However, schematic learning doesn't appear to play by the same rules: Learning, in the context of existing knowledge, engages NMDAR-independent plasticity mechanisms, and, furthermore, may engage distinct neural circuits [4, 10] . In a new study reported in this issue of Current Biology, Finnie et al. [11] use clever behavioral designs to determine precisely when these NMDAR-dependent and NMDAR-independent forms of learning are engaged.
To study how new learning is influenced by existing knowledge, Finnie and colleagues exposed rats to two closely related training experiences (first and second learning, respectively). They used contextual fear conditioning, in which rats learn to associate a spatial context (conditioning stimulus) with foot shocks (unconditioned stimulus). In the standard delay conditioning version of this task, foot shocks are presented after rats had time to explore the context. Under these circumstances, rats learn the contextshock association rapidly. When subsequently placed back into the same conditioning context without shocks, rats exhibit freezing behaviour, an easily quantifiable readout of the strength of conditioned fear memory.
Using this approach, Finnie and colleagues first replicated an established finding in the literature [2, 3, 5] . Rats were trained consecutively to fear two different contexts, using the delay conditioning protocol. However, before the second training trial, rats received infusions of the NMDAR antagonist DL-(2R)-amino-5phosphonovaleric acid (AP5) into the dorsal hippocampus (dHPC), the key brain region supporting this type of learning. While blocking NMDARs had been shown to block memory for the first event, similarly blocking NMDAR function had no effect on the ability of rats to learn the second event. In other words, when using identical training protocols, the second learning event becomes NMDARindependent. Strikingly, when the authors eliminated memory for the first learning experience -by preventing consolidation of this event via infusion of an a-amino-3-hydroxy-5-methyl-4isoxazolepropionic acid receptor (AMPAR) antagonist into the dHPC following first learning -the second learning event again was sensitive to NMDAR disruption. Presumably, loss of memory for the first event renders the second training experience once again novel, and therefore NMDARdependent.
Which aspects of the first learning experience render second learning NMDAR-independent? In a contextual fear conditioning experiment, rats learn about contexts and shocks (as well as the association between them). The authors therefore asked whether exposing rats to either of these components alone (during first learning) was sufficient to render subsequent contextual fear conditioning (i.e., second learning) NMDARindependent ( Figure 1 ). Neither exposure to context nor shock alone during first learning was sufficient to render subsequent contextual fear conditioning insensitive to NMDAR blockade in the dHPC.
Is it necessary that the procedural aspects of two training experiences be similar for the second learning event to become NMDAR-independent? To address this question, the authors devised an alternative way to induce contextual conditioned fear. Here they took advantage of a protocol called the context pre-exposure facilitation effect (CPFE) [12] , where learning about the context and learning that the context is paired with shock are temporally separated. Combining the delay conditioning and CPFE protocols, Finnie et al. discovered that when the two training experiences matched one another, second learning was rendered NMDAR-independent ( Figure 1) . In contrast, when there was a mismatch between training experiences (e.g., CPFE followed by delay conditioning), second learning re-engaged NMDAR-dependent plasticity mechanisms.
These results indicate that the procedural similarity between the training experiences determine whether or not NMDAR-dependent mechanisms are required for second learning. However, as memories age, their quality may also change [13] . For example, with time, memories lose their detail and become more gist-like. Perhaps time (or memory age) might be another factor that determines whether second learning engages NMDAR-dependent plasticity mechanisms. To test this idea, the authors manipulated the delay between two similar training experiences. Similar to previous experiments, AP5 was infused into dHPC before second learning. When delayed by a month, second learning became NMDAR-dependent once again. A reasonable explanation might be that, over time, the neural representation of the first training experience changes. A potential consequence of this representational drift would be that the second learning event might be now perceived as distinct compared to the initial learning experience, and NMDAR-dependent plasticity mechanisms are re-engaged.
These studies indicate that the brain is interested in the degree of match between new learning and existing knowledge. Which brain region is responsible for disambiguating the difference between events? Finnie and colleagues analyzed the expression of the activity-regulated gene Fos in the CA1 subfield of dHPC and in the anterior cingulate cortex (ACC). They found that the activity in the ACC, Which aspect of the first learning makes the second learning NMDAR-independent? Finnie et al. [11] found that it is the procedure that determines the engagement of NMDARs during second learning. If the rat experienced either (A) context, (B) shock alone, or (C) a different learning procedure during the first learning, the activity in ACC is increased to detect the mismatch and the second learning is NMDARdependent. In contrast, if the procedure was (D) matched between the two learning events, there is no increase in ACC activity and NMDAR-independent plasticity mechanisms are engaged.
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Dispatches Current Biology 28, R1096-R1119, September 24, 2018 R1097 but not CA1 region, was increased with procedural mismatch between the first and second learning events (Figure 1 ). This suggests that the ACC may be critical in monitoring and detecting the differences in learning events, and may subsequently instruct the specific cellular mechanisms engaged by HPC when learning a new event.
As the ACC may be critical in disambiguating the similarity between training procedures, the authors then pharmacologically targeted the ACC during the consolidation time window following an initial training experience. While this intervention did not impact subsequent recall of the first learning experience, second learning became NMDAR-dependent. This suggests that while the ACC was not required for the explicit retrieval of the memory for the first training experience, some aspects of the memory (possibly the procedure or temporal delay of conditioning-stimulusunconditioned-stimulus association) were stored there to allow the animal to classify the second memory as similar versus dissimilar.
This elegant work by Finnie and colleagues provides a definitive account of when NMDAR-dependent versus NMDAR-independent learning occurs. However, one major mystery remains. Which NMDAR-independent learning mechanisms are engaged during second learning, or more broadly, schematic learning situations? Another new study provides some strong hints. Using the same two-learning, contextual fear conditioning procedures, Crestani and colleagues [14] find that contextual fear conditioning increases the intrinsic excitability of CA1 pyramidal neurons. These excitability increases were limited to the presumed encoding neuronal population (i.e., neurons tagged with an activity-dependent fluorescent protein during training, 'engram neurons'), and persisted for several days. Critically, second learning (of an alternative context) re-engaged this same neuronal population if it occurred within the window of increased excitability. Therefore, neuronal excitability provides a mechanism for linking two learning events -and ensures that they are encoded in overlapping neuronal populations (see also [15] ). Moreover, Crestani and colleagues went on to show that the second learning event, if it occurred within the window of increased excitability, became dependent on metabotropic glutamate receptor activation instead of NMDARs. Together, these studies identify the molecular underpinnings of schematic learning that may be the rule, rather than the exception, in everyday life.
